This paper examines the short-and long-term relationships between seven Central Eastern European (CEE) stock markets and two developed stock markets, namely the German market and the US market. Application of the Gonzalo and Granger (1995) methodology indicates that the examined stock markets are partially integrated, while there is also evidence that the five stock markets in the central Europe (Czech Republic, Hungary, Poland, Slovenia and Slovakia) together with the German and the US stock markets have a significant common permanent component, which drives this system of stock exchanges in the long run. Contrary, the Estonian and Romania markets are segmented. A DCC model indicates that the short -term interdependencies between the CEE stock markets and the developed stock markets have strengthened during the Asian and Russian crises but since then (except for the Czech Republic, Hungary, Poland) they returned almost to their initial (relatively low) levels. Moreover, significantly increased volatility is observed during the Russian crisis period for all the markets under enquiry.
Introduction
In recent years, global markets have tended to become more integrated as a result of a broad trend toward liberalization and deregulation in the money and capital markets of developed as well as developing countries. Finance specialists have given considerable attention to the relationships between national stock markets, in order to explore potential benefits from international diversification, mostly in the emerging markets of Asia and Latin America. Given the currency crises and the political instability of those markets in recent years, investors are now actively looking for other emerging markets, such as those in Central Eastern Europe.
After the collapse of communist and socialist regimes at the beginning of 1990s, a number of Central and Easter European (CEE) economies established capital markets as part of their transition process towards adopting the mechanisms of a market economy.
As a result, a number of stock markets have been established in the region. Since then they displayed considerable growth in size and degree of sophistication. Moreover, in order to attract foreign capitals, they have tried to adapt their standards to international ones, by improving disclosure practices of firms, order execution, ownership rights, and by bringing down limitations to international capital flows. The entrance in the European Union of these countries on May 1, 2004, as well as the agreed accession of Romania and Bulgaria on 2007, gave a big boost on these markets and attracted the interest of many investors worldwide, who previously refrained to invest in legally open markets because of real or perceived political, liquidity and corporate governance risks.
The case of integration among the stock markets has focused the interest of many researchers, something that is revealed by the large literature on the different aspects of stock market integration. Evidence of integration among the stock markets is important, particularly for the long-term investors, since that means that the national stock markets share a single common trend, and there are few transitory excursions from this trend, implying reduced long-term gains from international diversification.
The current literature is supportive of the fact that the major international stock markets are converging at least over the long-term. Kasa (1992) using monthly and quarterly data on the markets of US, UK, Canada, Germany and Japan for the period between 1974 and 1990 , and utilizing the Johansen (1988 multivariate cointegration technique, proposes that a single common stochastic component binds national equity markets together. Moreover, according to Fraser and Oyefeso (2005) the US, UK and seven European equity markets are linked by a common stochastic trend and therefore are perfectly correlated in the long-term, while any short-run diversification gains tend to be short-lived. Additionally, Georgoutsos and Kouretas (2001) conducted cointegration analysis using monthly data for the US, the UK, Germany and Japan for the period 1980-2000. They showed that cointegration was established among the examined markets during the early 1990s which provides support to the argument that the stock markets have become more integrated since a smaller number of stochastic trends drive the system.
In the light of growing interdependencies among world stock markets, numerous studies investigated the extent to which emerging stock markets are integrated with the global markets (see for example: Garret and Spyrou (1996), De Fusco et al. (1996) , Bekaert and Harvey (1995) , Bekaert and Harvey (1997) and Phylaktis and Ravazzolo (2002) ). Little attention has been directed towards the question of the extent to which emerging European stock markets are integrated with global markets and the extent to which are affected by global shocks. Among the CEE markets, those of the Vysegrad countries (Poland, Hungary and the Czech Republic) have attracted most of the attention of the researchers, while the markets of their regional counterparts (Slovakia, Slovenia, Romania, Bulgaria and the Baltic countries) have not been subject of research to date.
It is evident that the CEE stock markets are attracting more and more interest and they play a far more important role in the international financial environment. Moreover, since the contribution of these markets to internationally diversified portfolios has grown substantially, it is crucial to understand the relationship between these markets and the developed markets. The purpose of this paper is to explore the short-and long term relationships between seven Central Eastern European stock markets and two developed stock markets, namely the German market and the US market. Contrary to all the other papers that have been done in the past we include in our sample almost 1 all the markets in the area that entered already in the EU and a forthcoming member of EU Romania. A further contribution of this study is that the case of integration among the markets in our sample is examined using a variety of econometric methodologies, in order to achieve robustness of the results.
First, we applied the Johansen (1988) multivariate cointegration methodology to study for the number of cointegration relations among the examined group of markets, while we utilize the Gonzalo and Granger (1995) methodology to identify, estimate and test for the number of common trends among the group of the examined stock markets.
Second, we use the Dynamic Conditional Correlation (DCC) specification recently proposed by Engle (2002) and Engle and Sheppard (2001) , in order to estimate the conditional relationships between the examined stock markets in the CEE region and the two developed stock markets. Finally, in accordance with Rigobon and Forbes (2002) who argue that the increased correlations over crises periods are due to an increase in volatility in world markets because of the crisis, we apply the Markov Switching ARCH-L (SWARCH-L) model of Hamilton and Susmel (1994) to study for structural breaks in volatility of the examined markets during the examined period.
Our results, based on daily and weekly data from January 1, 1995 to December 25, 2005, indicate that the examined stock markets are partially integrated, since they have more common trends than cointegrating relations that bind them together in the long run. There is also evidence that the five stock markets in Central Europe (Czech Republic, Hungary, Poland, Slovenia and Slovakia) together with the German and the US stock markets have a significant common permanent component 2 , which drives this system of stock exchanges in the long run, while the Estonian and the Romanian markets are segmented. The DCC analysis suggests that short -term interdependencies between the CEE stock markets and the developed stock markets are affected mostly by crises in other emerging market regions (i.e. Asian and Russian crises). Moreover, the conditional correlations between the bigger CEE markets, in terms of market capitalization (Czech Republic, Hungary, Poland) and the developed markets have increased during the examined period, confirming the increased integration, while the conditional correlations between the rest of the markets in the region and the developed markets had raised significantly through the period of the two crises but since then they returned almost to 2 Is the group of markets which dominate the common trends in the cointegrating system and drive the other markets in the region. their initial (low) levels. Finally, the application of the SWARCH-L model indicates a significantly increased level of volatility through the period of the Russian crisis, a finding that is consistent with Rigobon and Forbes (2002) who argue that the increased correlations over crises periods are due to an increase in volatility in world markets because of the crisis.
The remainder of the paper is organized as follows. The next section presents and discusses a review of the literature. Section 3 presents basic information about the seven examined Central Eastern European markets. In Section 4 the methodology used in this study is presented, while section 5 discusses the data and the preliminary empirical results. Section 6 reports the empirical results and section 7 provides our summary and concluding remarks.
Review of the literature
The study of Linne (1998) is most likely the first one that focuses on the investigation of the long-run linkages among the Eastern European markets (Poland, Hungary, Czech Republic, Slovak Republic and Russia) and a group of developed markets (Germany, UK, France, Italy, Switzerland, US and Japan). Weekly data were used for the market indices expressed in US dollars, over the period from 1991 to 1997.
The author concluded that among the CEE markets only Slovakian stock market showed cointegration relations with all developed stock markets, while the majority of the CEE stock markets are driven by domestic factors.
In another study Gelos and Sahay (2000) The main information about the examined CEE stock markets is presented in following the first of several mass waves of privatization, which led to a large number of firms being listed on the stock exchange. Since then, the majority of those firms have been delisted. Contrary, on the rest of the exchanges the number of listed firms has grown slowly, as a result of a gradual approach to privatization.
Methodology

Cointegration and common trends models
The case of integration among seven Central Eastern European stock markets and two developed stock markets, namely the German and the US markets is examined in this study using the methodology of cointegration analysis. The statistical notion of cointegration is well suited to study the co-movements of a set of variables in the long run. A set of nonstationary variables is said to be cointegrated if there exist linear combinations (cointegrating relations) among them that are stationary. The existence of r cointegrating relations in a set of n variables means that there must also exist n-r common stochastic trends that are nonstationary and move these variables around their equilibrium paths. The most of the studies to date have been concerned with estimating and analyzing cointegrating relations among the examined stock markets. Common trend analysis can be equally useful and insightful. In the present paper we use the Gonzalo and Granger (1995) methodology to identify, estimate and test for the number of common trends among the group of the examined stock markets.
We utilize the Johansen (1988) multivariate cointegration tests to ask how many common stochastic trends, or equivalently, how many cointegrating vectors, there are in the stock markets in our sample. The maximum likelihood theory of cointegration assumes that the stochastic variables are integrated of order one (I (1)), and that the data generating process is a Gaussian vector autoregressive model of finite order k, VAR(k).
Assume the n-dimensional column vector t Χ has an autoregressive representation with Gaussian errors t ε . Γ are n x n matrices of coefficients, µ is the deterministic term and t ε is a n x 1 multivariate normal random error with mean zero and variance matrix Ω that is independent across time periods. The rank of Π matrix determines the number of distinct cointegrating vectors that exist between the variables in X. Π therefore represents the long-run impact matrix. If Π has rank, r, then there are r cointegrating relationships between t Χ , or, n-r common stochastic trends, where n is the number of stock indices in our sample.
The number of cointegrating vectors reveals the extent of integration across stock markets. If n -r = 0 (full rank), there is no stochastic trend, all the elements in t Χ are stationary (I(0)) and cointegration is not defined. If n -r = n (r=0), there are no stationary long-run relationships among the elements of t Χ . In the intermediate case,
when 0<r<n there are r stationary linear compinations of the elements of t Χ and n -r non stationary common trends. There will exist n x r matrices, α and β, such that:
where α is the adjustment matrix and the columns of β are the r linearly independent cointegrating vectors. The reduced rank of matrix Π would imply that while long-run integration is not complete, the convergence process is underway with the number of independent stochastic trends reflecting the extent of this convergence. If however, n -r = 1, there is a single stochastic trend and hence a single permanent force that creates the non-stationary property of the data.
Because of the normality assumption, the reduced rank of the Π matrix can be tested using the maximum likelihood approach. From the regression of t ∆Χ and 1
and µ are given the residuals 0t R and 1t R , respectively, and residual product matrices 1 1
, , 0,1
Solving the eigenvalue problem In order to test the null hypothesis that ( ) rank r Π ≤ against the alternative hypothesis that ( ) rank n Π = , we use the Trace statistic by Johansen and Juselius (1990) 
The testing is performed sequentially for r = 0,…..,n-1 and it terminates when the null hypothesis is not rejected for the first time.
To identify, estimate and test for the number of common trends among the group of the examined stock markets we use the Gonzalo and Granger (1995) Gonzalo and Granger propose the decomposition of any cointegrating system into its permanent and transitory (P-T) components:
where , One of the advantages of this decomposition is that one can test whether or not certain linear combinations of t Χ can be common factor. The null hypotheses on α ⊥ is:
with q = n -r and q m n ≤ ≤ . Under the hypotheses 0 : 
The L -statistic in equation (11) is distributed as 2 ( ) ( ) n r x n m X − − asymptotically.
DCC-GARCH Approach
In addition we use the Dynamic Conditional Correlation (DCC) 3 specification recently proposed by Engle (2002) and Engle and Sheppard (2001) , in order to estimate the conditional relationships between the examined stock markets in the CEE region and the two developed stock markets (Germany and US).
Unlike the previous methodologies we analyze the conditional relationships using returns of the indices. The major advantage of this model is that while it preserves the main features of standard GARCH models it allows for explicit time variation in the conditional covariance and correlation matrix. The extraction of the conditional time varying correlations allows us to examine the short-run dynamics of the series in our sample. It also allows tracing the effects that have the crises events, which took place throughout the sample, on the CEE stock markets.
Markov SWARCH-L Approach
The Markov Switcing ARCH-L 4 model of Hamilton and Susmel (1994) is the final methodology employed in order to study for structural breaks in volatility of the examined markets during the examined sample time horizon. The basic intuition of this model is that the structural break point, which governs the process, is not known a priori as deterministic event but there exist some imperfectly predictable forces that affect the parameters of the model, producing more accurate estimations and forecasts than other conventional models do. Since when we utilizing dummy variables in order to investigate structural break points (i.e. Asian and Russian crises), the analysis is constrained to account only for possible structural shifts that have taken place on the date of crises events. However, this is not the case at all times, since the hypothetical spill over effects may delay for a short period of time. The SWARCH-L methodology overcomes such difficulties and limitations.
Data and preliminary empirical results
The data consists of closing prices indices for the Czech, Hungarian, Polish, Slovenian, Slovakian, Estonian, Romanian, German and US stock markets. The time period covered in this study is more than ten years (January 1, 1995 -December 25, 2005 , while the data frequency 5 differs according to the methodology used. The local stock price indices were used for each of the examined CEE stock markets (WIG (Poland), BUX (Hungary), PX50 (Czech Republic), SBI (Slovenia), SAX12 (Slovakia),
OMXT (Estonia), BET (Romania)). Moreover, the S&P500 index is used to represent the US equity market and the DAX for the German market. All the indices are used in local currency terms 6 and the source of the data is the Datastream. Table 2 reports the correlation coefficients between the examined market returns.
As expected the correlation coefficients are relatively low between the most of the examined markets. The highest values (over 0.50) of the correlation coefficients are observed between the three Vysegrad countries (Czech Republic, Hungary, Poland).
Finally, regarding the two developed markets (Germany and US) the CEE markets appeared to be more correlated with the German market than the US market, with the exception of Slovakia which is slightly more correlated with the US stock market. In addition, Table 3 provides the descriptive statistics of the weekly index returns. As expected with emerging equity markets, the index returns series are negatively skewed (with the exception of Romania and Slovakia) and leptokurtic.
5 Daily and weekly data used on the cointegration -common trend methodologies, while the DCC model estimates weekly observations and the SWARCH-L model is estimated using daily data. 6 Expressing the stock price indices in their national currencies restricts their changes to the movements in the stock prices solely, avoiding distortions induced by numerous devaluations of the exchange rates that have taken place in the CEE region (Voronkova (2003) ).
Empirical results
Cointegration and common trends results
The first task here is to determine whether the used series are integrated of order one I(1). For this reason, a battery 7 of unit root and stationarity tests is implemented. The unit root results are presented in Table 4 and strongly confirm at the 5% significance level that the stock index series are not stationary in levels, but are stationary in first differences.
Based on these results we proceed with the cointegration and common trend analysis, applying the methodologies described previously. We first select the lag length, k, in equation (2), by setting up a separate VECM for each group of markets and using the likelihood ratio test. Further, to determine which sub-model describes best each group of markets, we tested each other using the likelihood ratio tests in Johansen (1995) 8 . We first applied the Johansen's cointegration methodology on the 9-dimensional system of markets (Czech Republic, Hungary, Poland, Slovakia, Slovenia, Estonia, Romania, Germany, US), and as reported in Table 5 there are 3 cointegration relations and 6 common trends respectively. Clearly, the results 9 indicate that between the examined group of markets there are more common trends than cointegrating relations in its respective VECM. Moreover, we tested for cointegration in three sub-groups, namely the five central European markets (Czech Republic, Hungary, Poland, Slovakia, Slovenia) together with the two developed markets, and the Estonian and Romanian markets with 7 The Augmented Dickey-Fuller, the Phillips-Perron, and Kwiatkowski, Phillips, Schmidt, and Shin tests are implemented and provide the same results. 8 Johansen (1995, Chapter 11, Corollary 11.2 and Theorem 11.3, pp. 161-162) defines a number of submodels of the general model (2), under the assumption of cointegration and with successive restrictions on the deterministic part of the model (µ). We tested the five sub-models against each other using the likelihood ratio tests and concluded that the second model, in which there are no trends but a constant term is allowed in the cointegration relations, describes best the examined groups of markets. 9 Similar are the results using daily data.
the two developed markets respectively. The trace statistics in Table X  10 indicate that there are 2 cointegration relations in the first sub-group, while we cannot establish any robust cointegrating vector on the other two sub-groups. The group of markets that appeared to be more integrated, having two cointegrating relations, is the first group of markets, in which are included the four largest markets in the CEE region in terms of market capitalization (Czech, Hungarian, Polish and Slovenian markets). In Table 6 we report the adjustment coefficients for the groups of markets we detected cointegration relations. The statistical significance of all of them indicates that no one of the markets included in the two groups dominate the existing common trends.
Following the methodology proposed by Gonzalo and Granger (1995) we decompose each group of markets into its permanent and transitory components and we
analyze the common stochastic trends, in order to see which market or group of markets, if any, contribute significantly to them (are dominant forces). In Table 7 we provide estimates of the linear combinations (α ⊥ ) 11 that enter each of the common trends for the examined groups of markets. Moreover, Figures 2 and 3 show the P-T decomposition, based on equation (7), for each of the groups of the examined stock markets. These plots are informative in two ways, they refer to the same number of common trends as identified by the trace test and they reveal information as to which market's permanent components are important. The analysis of the plots reveal that in the group where all the CEE markets are included the permanent components are important for the markets of Czech Republic, Hungary, Poland, Slovakia, Slovenia, Germany and US. In order to test 10 The trace statistics for the 3 dimensional systems of markets (i.e Est-Ge-US, Rom-GE-US are not reported here to save space, but are available upon request). 11 The elements of α ⊥ are coefficients to the common trends which indicates the relative importance of the trend to the market.
the hypothesis that these markets have a common permanent component among the six I(1) country factors we constructed the G matrix in the following form: Romanian markets however, the pattern is quite different, since there would appear to be relatively more volatilite in the transitory components, confirming the results of the Gonzalo and Granger test. Moreover, the deviation from the common trends through the Russian crisis period is bigger and longer for these two markets.
DCC-GARCH results
After having examined the long -run relationships between the stock markets in the CEE region we applied a bivariate DCC-GARCH(1,1) model to study the short -run interdependencies between the examined markets, as well as the effects that have the crises events, which took place throughout the sample, on the CEE stock markets. As expected the conditional correlation coefficients are relatively low between the most of the examined markets, while we can observe an increasing trend on the conditional correlation (CC) among the 3 biggest CEE markets (Czech Republic, Hungary, Poland) with the German and the US markets. What is also evident is the change in the pattern of conditional correlations through the period between 1997 and 1999. As emerges from Figure 5 , during the period of Asian crisis (summer of 1997) the correlations between the CEE markets and the developed markets, especially with Germany, raised dramatically.
In the second half of 1997, as the crisis was unfolding, the short term dependences weakened, reflecting in falling conditional correlations (i.e. Czech Republic-Germany, Poland-Germany). A second and much more significant rise in conditional correlations with both the German and the US markets followed at the mid of 1998, when the Russian crisis took place. For example the CC between the Czech and the German market increased from 0.02 before the summer of 1998 to 0.56 at the end of November of 1998.
After the Russian crisis we observe a sharp decline in the intensity of the co-movements (i.e. Slovenia-Germany, Czech-US, Czech-Germany) as the events in the domestic markets started to dominate influences from outside. In some cases (i.e. HungaryGermany, Poland-Germany), after the Russian crisis the CC did not decline sharply, but declined little by little since then. Another rise, but significantly lower for the most of the examined markets, in CC is observed on 2001 (i.e. Czech-Germany, Estonia-Germany, Estonia-US, Romania-US), when the most of the markets all over the world respond simultaneously to the terrorist attacks in US.
Thus the DCC analysis suggests that the short -term interdependencies between the CEE stock markets and the developed stock markets are affected mostly by crises in other emerging market regions and particularly is the Russian crisis that appeared to have the biggest impact on the conditional correlations between the CEE markets and the developed markets. Moreover, the conditional correlations between the three bigger markets in the CEE region (Czech Republic, Hungary, Poland) and the two developed markets rose dramatically through the period of the two crises (Asian and Russian crises) and remained at a significantly higher level until the end of the examined period.
Contrary, the CC between the rest of the CEE markets and the developed markets, despite some significant spikes they have through the crises periods, they appeared not to have any permanent impact from the crises since they return to their initial low levels.
Markov SWARCH-L results
The application of the DCC methodology reveals that during the examined period there are some events like the Russian crisis that appeared to have a significant impact on the conditional correlations between the CEE markets and the developed markets. In consistence with Rigobon and Forbes (2002) who argue that the increased correlations over crises periods are due to an increase in volatility in world markets because of the crisis, we apply the Markov Switching ARCH-L (SWARCH-L) model of Hamilton and Susmel (1994) to study for structural breaks in volatility of the examined markets during the examined period. Figure 6 displays the time-varying probabilities of volatility levels (low, medium, high), for the examined CEE stock markets. From the analysis of the plots it is revealed that the conditional volatility has increased (over 200%) during the Russian crisis, for all the CEE markets. While it is the Czech and Estonian markets that appear to have the more immediate impact on conditional volatility during the Russian crisis period, confirming the results from the DCC analysis. Moreover, significant is the increase in conditional volatility level for the Estonian market on September 2001 when the terrorist attack in US took place. The last finding is also consistent with the big spike in conditional correlation between the Estonian and the German and US markets.
Summary and concluding remarks
The present paper examined the short-and long term relationships between seven Central Eastern European stock markets (Czech Republic, Poland, Hungary, Slovakia, Slovenia, Estonia and Romania) and 2 developed stock markets, namely the German and the US markets. The case of integration among the markets in our sample is examined in this study using the methodology of cointegration and common trends analysis. We applied the Gonzalo and Granger (1995) methodology to identify, estimate and test for the number of common trends among the group of the examined stock markets. We also use the recent Dynamic Conditional Correlation (DCC) specification proposed by Engle (2002) and Engle and Sheppard (2001) , in order to estimate the conditional relationships between the examined stock markets in the CEE region and the two developed stock markets. Moreover, we applied the Markov Switching ARCH-L (SWARCH-L) model of Hamilton and Susmel (1994) to study for structural breaks in volatility of the examined markets during the examined period.
Our results, based on daily and weekly data during the period 1995-2005, indicate that the examined stock markets are partially integrated, since they have more common trends than cointegrating relations that bind them together in the long run. There is also evidence that the five stock markets in Central Europe (Czech Republic, Hungary, Poland, Slovenia and Slovakia) together with the German and the US stock markets have a significant common permanent component, which drives this system of stock exchanges in the long run. Contrary, the Estonian and Romanian markets are segmented from this sub-group of markets. This finding is consistent with the higher and more significant deviations of the transitory components from the common trends in these two markets.
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